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Введение  
 Актуальность выполняемой работы обусловлена преждевременным 
обводнением добываемой жидкости и падением добычи нефти, 
недостижением добывного потенциала ряда скважин, а также низкой 
эффективностью работ по ВПП. Все это требует применения комплексных 
потокоотклоняющих (ПОТ), выравнивающих профиль приемистости 
технологий, непосредственно адаптированных к геолого-физическим 
условиям месторождения А и направленных на увеличение охвата 
продуктивного пласта заводнением, ограничение попутно-добываемой 
воды и увеличения нефтеотдачи пластов (МУН).  
Нынешний этап прогресса нефтедобывающей промышленности 
характеризуется снижением эффективности при разработки месторождений 
углеводородов. Рост интереса специалистов в последние десятилетия в 
нефтяной отрасли к практическому использованию новых 
высокоэффективных и рентабельных технологий, которые обеспечивают 
как прирост, так и стабильное поддержание добычи нефти в сложных 
геолого-промысловых условиях. 
  Сегодня тратятся большие финансовые ресурсы на поддержание 
добычи на старых месторождениях, где обводнённость превышает 80%. 
Одна только компания «ЛУKOЙЛ» добывает в Западнoй Сибири 600 млн.т 
жидкости в год и из неё получает лишь 52 млн.т нефти. Традиционные 
методы и технологии эксплуатации нефтяных залежей с заводнением во 
многих случаях оказываются недостаточно эффективными. Угрозу 
падению добычи нефти при росте её потребления испытывают многие 
ведущие нефтедобывающие страны мира. 
         Необходимо признать, что в сложившейся обстановке только 
широкомасшабное, повсеместное внедрение новых технологий, 
существенно повышающих эффективность обычного заводнения, позволит 
уменьшить темп падения добычи нефти. Во всём мире в программах и 
проектах развития и применения методов увеличения нефтеизвлечения с 
каждым годом возрастает внимание к расширению физико-химических 
методов воздействия на продуктивные пласты. 
          Цель работы: Применение потокоотклоняющих технологий для 
увеличения охвата пласта на нефтяном месторождении А. 
В данной работе рассмотрены следующие задачи: 
─ изучение геолого-физических свойств продуктивных пластов; 
─ анализ текущего состояния разработки месторождения и выработки 
запасов углеводородного сырья; 
─ выявление наиболее эффективных и перспективных технологий методов 
увеличения нефтеотдачи на месторождении А; 
Защищаемые положения  
─ выбор и обоснование оборудования для реализации потокоотклоняющей 
технологии на нефтяных месторождениях России; 



















































Раздел   










Группа ФИО Подпись Дата 
2БМ4В Валиев Интизам Низам оглы   
 
Консультант кафедры (аббревиатура кафедры)  : 
Должность ФИО Ученая степень, 
звание 
Подпись Дата 
Доцент Арбузов В.Н. к.ф.-м.н.   
 
Консультант – лингвист кафедры  (аббревиатура кафедры)  : 
Должность ФИО Ученая степень, 
звание 
Подпись Дата 








Enhanced Oil Recovery (EOR) 
In terms of advancing the generation of active stocks that are typically  
concentrated in the most permeable part of the reservoir, especially important use  
photocoagulation methods of stimulation to contain the breakthroughs  
water in the zones with the best filtration properties and to transmit a driving force  
the injected agent on the displacement of oil from low-permeability layers. This  
be involved in the development contained in low-permeability interlayer’s  
hard to recover oil reserves. 
Flow-deflecting technologies based on the injection into injection wells  
limited amounts of special reagents designed to reduce  
permeability highly permeable interlayer’s of stratum (until frozen), with  
the purpose of alignment of infectivity of the well section of the reservoir and, 
thereby, create a more uniform displacement front and reduce water breakthrough 
in producing well. 
Occasionally, a well will produce as much as it is able from initial, 0r pri-
mary, production methods. However, more oil remains in the formation. Al  times 
like these, an operator  may opt to perform an enhanced recovery operation. These 
operations are usually divided into secondary recovery, or water-flooding, and 
tertiary recovery, commonly called EOR 
WATERFLOODING OPERATIONS 
In water flooding, water is injected into a reservoir for additional recovery. It 
enters the formation through injection wells in a specified pattern, depend- mg on 
the individual characteristics of the formation. As the water flows from the 
injection wells toward the producing well, it flushes trapped oil from the formation 
and carries it along to the producing well. If the oil produced is equal  to or greater 
than the amount of water produced, the well may be economical. 
When determining if a reservoir is suited for water flooding, the operator 
must consider the following factors: 
─ Reservoir geometry 
─ Lithology 




The structure and stratigraphy of и reservoir control the location of wells 
and, to a large extent, dictate the methods by which a reservoir may be produced. 
Most water injection operations are conducted in fields with only moderate 
structural relief where the oil accumulates in stratigraphy traps. If dissolved-gas 
drive was used, much oil still remains in the formation, which makes these 
formations attractive fen water flooding. When all these characteristics combine 
together, the field is usually ideal for secondary recovery. 
Lithology 
Lithology includes porosity and permeability, but it also includes the rock's 
mineral composition. There seems to BE an effect between HYDROCARBONS and 
certain types of minerals. Therefore, the formation's lithology must be studied to 
determine if it is suitable for waterflooding. 
Reservoir depth 
If a reservoir is too deep for economic drilling, or if oil wells have to be utilized as 
injection and producing wells, lower recoveries may be seen than where new wells 
can be drilled. This is particularly true in old fields where regular well spacings 
were not observed. Also, residual oil salutations after primary operations in most 
deep pools probably are lower than in shallow pools. Therefore, less oil remains. 
Porosity 
The total recovery of oil from a reservoir is a direct function of porosity, since 
porosity determines the amount of oil present for any given percent of oil 
saturation. Before waterflooding operations can commence, the operator needs to 
be sure enough space exists in the formation lock's pores to hold producible 
quantities of hydrocarbons. 
Permeability 
Reasonably uniform permeability is essential for a successful waterflooding since 
this determines the quantities of injected water that must be handled. If great 
variations in permeability are noted, the waterflood will be less successfull. 
Continuity of reservoir rock properties 
As mentioned above, uniform permeability is important for successful 
waterflooding. Likewise, uniformity in bedding planes (horizontal) is also 
important. If the beds lie relatively horizontal and there are no intrusions, the 
waterflood operation will proceed more smoothly. However, if shale beds interrupt 




Permeability barriers due to (a) an unconformity and (b) a fault. Magnitude and 
distribution of fluid saturations 
 
Usually,  high oil saturation is more suitable than low oil saturation in 
waterflood operations.  The higher the saturation, the higher the recovery 
efficiency. Also, ultimate recovery  will be higher, water bypassing will BE lower, 
and the economic return per  dollar risked will BE greater. When there is less con-
nate water left in the formation, the operator can pretty well guess that what 
remains behind will BE OIL. 
Where can the operator find out this information? From cores taken from 
newly drilled wells. He can also confirm his  guess using information from electric 
log, laboratory oil floods, and capillary pressure tests. 
Fluid properties and relative permeability realationbips. 
The physical properties of the reservoir fluids also have pronounced effects 
on the advisability  oil waterflooding a given reservoir. Viscosity  is one of the 
most important properties because it affects the mobility ratio. Relative 
permeability is also important. The larger the mobility ratio, the lower the recovery 
breakthrough and hence the more expensive the waterflood operation will be. 
Water sources 
One of the major considerations in waterflooding is where to locate enough water 
for the operation. During the early injection life of the reaction reservoir ─ the fill 
up period ─ a high rate of 1 ─ 2 barrel per acre foot. After initial fill-tip, the rate 
decreases to less than 1 barrel PER ACRE foot. Ultimately, the volume of water will 
he about 150-170% of  the total pore spare in the formation, which needs to 
include the pore volume ol any adjacent sands. 
Operators can choose to use  salt water or fresh water, depending on the operation. 
Where economics permit, salt water usually is preferred to fresh water. In most 
fields, salt water formations exist above or below the oil zones. Wells can BE dug 
to the appropriate  depth, and water can he pumped to the surface and reinjected 
into the appropriate injection wells. If the operation is near the ocean, sea water 
can be used. However, it must sometimes be treated. 
Flesh water can BE found from surface SOURCES like ponds, lakes, streams, and 
rivers when these do not interfere with local water requirements. However, these 
sources may have limited capacity dinring drought periods and the water often 
needs expensive treating. A more favorable method is to use alluvial beds near 
rivers. Shallow well are dug into these formation; the only  major drawback is that 
the water must BE  treated for bacteria. Finally, fresh water can be located below 
the surface, usually anywhere from ground level down to 1.000 ft. In this case, 
wells must be dug and pumps installed. Again, the economics must be weighed 
against the profits for the waterflood project. 
Wterflood patterns 
We mentioned earlier that a dominant factor controlling waterflood operations is 
the location of injection and producing wells, Most of this is based on complex 
flow geometry. For purposes of this book, however, we should know that there are 
a  few basic patterns  that operators  use frequently during waterflood operations. 
When reservoirs  are continuous and have relatively large areal extent, the patterns 
form a symmetrical and interconnective  network of wells (Fig. 2). Four basic 
patterns  are usually chosen: direct line drive, staggered line drive, five-spot 
pattern. Sometimes , though  it is impossible to work around one of these standard 
patterns, so the operator must modif y them. 
Water injections wells are another  important consideration in choosing a pattern. 
The rate of injection depends on effective permeability, oil and water viscosity 
sand thickness, effective well radius, reservoir pressure, and applied water 
pressure. These factors influence how many wells must he drilled and in what 
geometrical pattern. 
Occasionally, pilot floods are conducted. These floods evaluate operational 
procedures and give advance information on how extensive the waterflood will 
perform and whether the proposed configuration, or pattern, will be the BEST 
choice. In an extensive pattern flood, the perimeters of the well flooding patterns 
act as impermeable boundaries. However, in a pilot flood only one or two well 
patterns within the reservoir are displayed. Therefore, production is definite h 
different, but the operator has a chance to rest waterflooding potential. 
Water treating 
As we’ve discovered, water is one of the most important components in a 
waterflood operation. During the rally days, operators only considered quantity, 
not quality. Today, however  operators know that poor water treatment can do as 
much damage to a waterflood project as any other factor. 
Once a water source  is chosen, the operator conducts a water analysis to determine 
the following: 
─ Compatibility with the reservoir water 
─ What kind of injection facility is BEST SUITED 
 Fif. 2  
The four basic types of waterflood patterns: (a) direct-line-drive pattern, (b) stag-
gered line drive pattern, (c) five-spot pattern, (d) seven-spot pattern. 
The treatment necessary to have an acceptable  water lot the reservoir with 
minimal corrosion of equipment. 
This analysis should be conducted periodically to also determine the presence of 
three undesirable constituents of water: dissolved gases, minerals, and microbes. 
Precipitation is one of the main problems with minerals. When the minerals 
precipitate out of solution, they close up the pores in the rock and diminish 
porosity in the formation. Sequestering and chelating agents are added to the water to 
help prevent this precipitation. 
«Sequestering» means to set apart or to separate. «Chelating» pertains to a group 
which attaches itself to a central metallic atom by means of two valences to form a 
heterocyclic ring. In other word, the sequestering agent separates the metallic 
cation from the anion by chelation, which cures the precipitation problem.  
 Corrosion inhibitors are also often added to water. These are chemicals that 
control the corrosive activity between the metallic alloy and water. The advantage 
in using these is that the piping and tubing do not wear out as quickly and maintain 
strong production rates. 
Residual oil af t er  waterflooding 
Once a reservoir has been waterflooded, is all the oil washed or flushed from the 
formation? Unfortunately, no. Much of  it remains behind and cannot be produced 
by water alone. Engineers can determine the amount by using cores or by studying 
the results of waterflood susceptibility tests on a representative sampling of the 
reservoir rock. With either test, some amount of residual oil is estimated. If an 
operator determines that there is still an appreciable amount of producible 
hydrocarbons downhole, he may opt for a third stage of production: tertiary, or 
enhanced, oil recovery. 
ENHANCED OR TERTIARY RECOVERY METHODS 
After all the possible oil has been produced front the well using primary and 
secondary operations, an operator may decide to try yet a third type of recovery 
technique: enhanced or tertiary recovers. These methods are very expensive, and 
many are still in experimental stages. However, they do increase the production 
from oil wells and mat someday be more economical if the price lot a barrel of 
crude rises high enough. 
There are three general classifications of enhanced oil recovery, or EOR, methods 
that show significant promise: chemical flooding, miscible flooding, and thermal 
recovery. Within these three general methods, six distinct processes are considered 
economically feasible: polymer flooding, surfactant flooding, alkaline flooding. 
CO2 flooding, steam injection, and in situ combustion. Let’s look at these EOR 
methods and leant more about how they work. 
Chemical flooding 
Chemical methods include polymer flooding, surfactant (micellar-polymer, 
microemulsion) flooding, and alkaline flooding processes. These processes are 
broadly characterized by the addition of chemicals to water in order to generate 
fluid properties or interfacial conditions that ate more favorable for oil production. 
Three techniques are widely used: polymer flooding, surfactant flooding, and 
alkaline flooding. 
Conventional waterflooding can often BE improved by adding polymers to the 
injection water to improve, or decrease, the mobility ratio between the ine injected 
and in-place fluids (Fig. 3). In other words, the polymer makes it casier for the 
hydrocarbons to mosts through the formation.  
 
Fig. 3  
Polymer flooding (adapted from original drawings by Joe R. Lindley, U.S. DOE, 
courtesy National Petroleum Council) 
 
The method is usually used on reservoirs whose production  capacity 
extends over a large area. This is because the polymer solution sweeps a large 
fraction of the reservoir, not just the water alone. 
Surfactants or surface active agents, call also be added to water. These chemicals 
reduce the forces that trap the oil in the pores of the rock.  A surfactant slug 
displaces the majority of the oil from the reservoir, forming a flowing oil-water 
bank that moves ahead of the surfactant slug.  Following the surfactant slug is a 
slug of water containing polymer in solution. The polymer improves the sweep 
efficiency and helps ensure that as much oil as possibly  has been removed from 
the pores. The polymer solution slug is then followed with a plain water slug. The 
procces may then be repeated until the reservoir is sufficiently «clean». 
Alkaline flooding uses inorganic alkaline chemicals such as sodium hydroxide, 
sodium carbonate, or sodium orthosilicates in water to enhance recovery by 
reducing interfacial tension, altering the wettability, or causing spontaneous 
emulsification (fig. 4). The process is less costly then surfactant flooding, but it has 
a lower recovery potential, too.  
 
Fig. 4 
Alkaline flooding (adapted from original drawings by Joe R. Lindley, U.S. DOE, 
courtesy National Petroleum Council). 
 
Miscible methods 
Miscible floods usually use  carbon dioxide, nitrogen, or hydrocarbons as 
solvents to increase oil production. Some of these kinds of floods have been in 
operation since the 1950s. 
Although CO2 flooding is relatively recent, it n expected to make the most 
significant contribution to miscible enhanced recovery in the future (Fig. 5). 
Carbon dioxide is powerful mover  with oil. Initially, the CO2 is not miscible, or 
mixable, with the oil. However, as it contracts the crude oil in the reservoir, it 
extracts some of the hydrocarbon constituents of  the crude oil and becomes 
dissolved into the oil. When the oil and CO2 mix, you have the same sort of 
phenomenon as you do with gas lift; the oil thins and can move more easily. 
 
Fig. 5 
CO2 miscible flooding (adapted from original drawings by Joe R. Lindley, U.S. 
DOE, courtesy National Petroleum Council). 
For some reservoirs, miscibility between carbon dioxide and oil cannot be 
achieved but CO2 can still be used to recover additional oil. The gas still swells 
within the reservoir and reduces the oil's viscosity. Together, these qualities 
improve the mobility of the oil. 
Hydrocarbon gaves and condensates are also used in miscible flood projects. 
Generally, these light hydrocarbons arc too valuable to be used comer – cially,  so 
the processes are expensive. Nitrogen and Hue gases are also used, but they are 
often effective only in high-pressure, high - temperature wells. 
Thermal methods 
Thermal FOR рrocesses add heat to the reservoir to reduce oil viscosity and or to 
vaporize the oil. In both instances, the oil n made more mobile so that it can be 
driven more effectively to producing wells. In addition to adding heat, these 
processes provide a driving force (pressure). There are two principal thermal 
recovery methods: steam injection and in situ combustion. 
Steam injection  generally occurs in two steps: steam и pumped down  a producing 
well to heat and thereby loosen oil near the prox ducing wellbore, and steam is 
driven down an injection well and moves though the reservoir toward a producing 
well, pushing the warm, movable oil in front of it. 
In actual practice, a mixture of steam and hot water is injected into the formation. 
Normally, steam is generated at the surface, hut some heat is lost and part of  the 
steam may  turn to hot water BEfore it reaches the producing formation. When this 
steam hot water mixture is used in cycles at a producing well, the technique is  
called huff and puff or steam soak (Fig. 6). 
 
Fig. 6  
Cyclic stream or huff & puff stimulation method (adapted from original drawings 
by Joe R. Lindley, U.S. DOE, courtesy National Petroleum Council)  
In situ combustion is normally applied to reservoirs that have  low-gravity 
oil, but it has been tested over a wide spectrum of conditions Heat is generated 
within the reservoir by injecting air and burning pail of die crude oil. This reduces 
the oil`s viscosity and partially  vaporizes the oil in place. Then the oil is driven 
forward toward the producing well by a combination of steam, hot water, and gas 
drive. 
We need to remember that tertiary recovery techniques air very expensive, 
especially when the  price for a barrel of crude oil is low in the marketplace. 
Waterflooding is usually more economical, so it ss used more frequently. Also, 
these methods are used to recover crude oil, not natural gas. Let`s  finish our 


















В данной дипломной работе рассмотрена геолого – физическая 
характеристика месторождения А, состояние разработки, техника и 
технология добычи нефти и газа. 
Также была рассмотрена эффективность применения потокоотклоняющих 
технологий в нагнетательных скважинах. 
Приведен расчет прироста добычи нефти за счет потокоотклоняющих 
технологий (на примере полимер – дисперсных систем), в результате 
расчет получена дополнительная добыча нефти на 6025,23т нефти. 
Предложено оборудование для реализации потокоотклоняющей 
технологии на нефтяных месторождениях России 
          Результаты использования потокоотклоняющих технологий 
демонстрирует, что существенно различается их использование в России. 
Как правило, она оценивается в виде или удельной добычи тонны нефти на 
тонну используемого реагента, или в виде дополнительной добычи нефти 
на одну обработанную скважину. 
Данные технологии и дальше будут широко использоваться в дальнейшем, 
в связи с простотой и низких затрат на реализацию, а также благодаря 
эффекту сокращения обводненности скважин во многих случаях. Тем не 
менее, не следует считать их кардинальным средством для воздействия на 
весь объем пласта и существенного увеличения охвата пласта. Необходимо 






















В первом разделе изложены общие сведения о месторождении A, 
географическое положение. 
Во втором разделе описана геолого - физическая характеристика 
месторождения А, нефтегазоность, характеристика продуктивных пластов и 
характеристика пластовых флюидов. 
В третьем разделе приведено состояние разработки месторождения А. 
В четвертом разделе рассмотрено эффективность применения 
потокоотклоняющих технологий в нагнетательных скважинах. 
В пятом разделе описана техника и технология для добычи нефти и 
газа, приведен рациональный способ подъема жидкости, основное насосное 
оборудование. 
В шестом разделе описаны установки Kenwoth для реализации 
потокоотклоняющих технологий,  произведен расчет прироста добычи нефти 
за счет ПОТ на примере полимер – дисперсных систем. 
В седьмом разделе описан финансовый менеджмент, 
ресурсоэффективность и ресурсосбережение. 
В восьмом разделе описана социальная ответственность при 
проведении потокоотклоняющих технологий на месторождении А. 
Проанализированы вредные и опасные факторы, а также правовые и 
организационные вопросы обеспечения безопасности. Описаны мероприятия 
по устранению вредных и опасных воздействий. 
Часть на английском языке дана в приложении. В ней проведен 
литературный обзор методов увеличения нефтеотдачи. Описаны методы, их 
разновидности, технологии проведения. 
 
